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和硝酸银为银源。通过 SEM、TEM、UV-Vis 吸收光谱、XRD 和 SAED 分析表
征发现，Ag 纳米线的长度约为（0.88±0.08）μm、平均直径为 39 nm 和长径比




进行分离，并对分离后的组分进行 UV-Vis 吸收光谱和 SEM 分析表征。采用这
种分离技术实现了从一个复杂的银样品体系中分离出了球状、立方和棒状纳米银。 
本文自行设计了一套连续洗脱制备型琼脂糖凝胶电泳装置，使用该装置对球
状纳米 Au、棒状纳米 Au 和半导体量子点 CdTe 三个体系进行了纳米分离的研究。
经过分离后，球形纳米 Au 的粒径的相对标准偏差（RSD）由 10.9%下降为 7.0%；
从混合纳米 Au 样品中分离得到了棒状纳米 Au 和类球形纳米 Au，且它们的纯度
都在 90%以上；使用制备型凝胶电泳纯化了半导体 CdTe 量子点，得到了 CdTe




















Silver nanowires prepared by polyol process has been widely studied. In the 
polyol process, we investigated the effect of molecular weight of 
polyvinylpyrrolidone (PVP) on the morphology of Ag nanowires. It was found that 
nanowires with higher aspect ratio are obtained by using PVP with higher molecular 
weight (MW). The sequence of reducing ability for PVP with different MW is as 
follows:  PVP K 15 > PVP K 30 > PVP K 90, which can be found from UV-Vis 
spectra and Atomic Absorption spectra (AAS). It is speculated that the reduction rate 
is decreased with an increase of molecular weight of PVP, , leading to the growth of 
nanowires with higher aspect ratio. 
Based on polyol process, we report a new, solution-phase approach of preparing 
silver nanorods by using N-methyl-pyrrolidone (NMP) as reducing agent and solvent 
in the presence of PVP. The silver nanorods were characterized by using SEM, 
UV-Vis, TEM, XRD and electron diffraction. We found that the average length, 
diameter and the aspect ratio of the Ag nanorods are (0.88±0.08）μm, 39 nm and 22, 
respectively. In addition, Ag nanostructures synthesized using this solution-phase 
method are purely face-centered cube and show a fivefold twinned structure with five 
{111} planes on each end and [110] as growth direction. Moreover, a detailed 
parametric study determining the relationship between final morphology of the 
products and molar ratio of PVP to AgNO3, reaction temperature, injection rate, 
molecular weight of PVP and inorganic salt ions was presented.  
In nanoseparation study, we applied density gradient centrifugation method to 
separate multi-morphology silver products prepared by polyol process. Pure Ag 
nanospheres, pure Ag nanocubes and pure Ag nanorods were separated from Ag 
nanoparticles mixture with different shapes.  
A continuous eluting preparative gel electrophoresis system was designed and 
















nanorods and CdTe QDs) for separation and purification. The size distributions of Au 
nanospheres drops from 10.9 %  to 7 % after purification. Au nanorods and 
squia-nanospheres are separated from their mixture with each purity more than 90%. 
CdTe QDs show continuously tuned optical properties and improved quantum yield 
from 10.9% up to 24.6% after separation.  
Key words: Polyvinylpyrrolidone; Reduction cabpility; N-methyl-pyrrolidone; 
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序把水相湿化学法制备一维银纳米棒或纳米线的文献归纳于表 1-1 中。 
 
表 1-1 水相湿化学法制备银纳米棒或纳米线 
Tab 1-1 Aqueous wet synthesis of Ag nanorods and nanowires 
还原剂 保护剂 年份 
抗坏血酸 十六烷基三甲基溴化铵 2001[11] 
柠檬酸三钠 柠檬酸三钠 2003[12] 
柠檬酸三钠 十二烷基磺酸钠 2004[13] 
柠檬酸三钠 十二烷基苯磺酸钠 2006[14] 
















柠檬酸三钠 聚乙烯基吡咯烷酮 2009[16] 














O2H  CHO2HOCH  O  OHCH2HOCH 22222 

      (1-1) 
 2H 2M OH COCOCHHOCH  CHO2HOCH   2M  222      (1-2) 
还原得到的银原子形成处于动态平衡的原子团簇，原子团簇继续增长成为稳
定的三种晶核：单晶、单孪晶和五倍孪晶，这三种晶核增长成为不同形貌的纳米



















图 1-1 多元醇法制备银纳米颗粒 
Fig. 1-1 Polyol method for synthesizing Ag nanostructures. 
 
在这三种晶核中，只有五倍孪晶能够增长成为一维的纳米棒或纳米线。由于








当 Fe3+的含量为 2.2 μM 时最终银纳米的形貌为纳米线，而当 Fe3+的含量小于







米线。而 Chang 等[32]发现在室温下放置 5 min 的 AgNO3 溶液中孪晶晶核比例超

















在多元醇法制备银纳米线的过程中，反应温度、PVP 与 AgNO3 的摩尔比、
PVP 的分子量和滴加速度等因素会影响纳米线的形貌。许多文献报道了 PVP 分
子量对纳米银形貌的影响，PVP 的分子量越大，制备得到的银纳米线的长径比越
大。对于 PVP 分子量的影响机理，Sun 等[23]提出 PVP 分子链沿着纳米线纵向盘
绕；Zhu 等[31]认为 PVP 分子链越长，其羰基更多，配合更多 Ag 原子，从而容易
形成大长径比的纳米线。另外，很多文献报道了高分子量 PVP 倾向于使纳米颗
粒各向异性增长[33-35]。虽然 PVP 的结构和物理行为对纳米颗粒的形貌很重要，
却忽略了 PVP 的化学行为—化学还原性。过去十年，利用 PVP 的还原性控制纳
米粒子的形貌被广泛研究[36-40]。Xia 等[36, 37]在水溶液中把 PVP 作为还原剂制备贵
金属纳米板，并提出 PVP 末端的羟基具有还原性。Hoppe 等[38]同样地利用 PVP
的还原性制备金、银溶胶，但提出了另外一种还原机理：PVP 在氧化性物质存在
的情况下发生降解，并生成自由基，这些自由基能够把金属离子还原为原子。2010
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